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   Short Communication

Simultaneous Detection of the Genus Brucella by Combinatorial PCR
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SUMMARY: We have developed a combinatorial polymerase chain reaction (PCR) procedure to identify four
major species of the genus Brucella simultaneously. Four pairs of primers targeting the genes encoding a cell
surface protein (BCSP31) and outer membrane proteins (omp2b, omp2a and omp31) were prepared. PCR using
these primers gave rise to specific patterns of amplification for each Brucella spp. examined in this study. B.
abortus could be identified when fragments of BCSP31 and omp2b/2a were amplified by B. abortus-specific
primers. B. melitensis could be identified by the amplification of fragments of BCSP31, omp2b/2a and omp31
using pair of primers B4/B5, JRF/JPR-ab and omp31. Identification of B. canis could be achieved when the
amplicons of omp2b/2a were detected by B. canis-specific primers, as could the identification of BCSP31
and omp31. If specific amplifications occurred using all pairs of primers, the strain was identified as B. suis.
Combinatorial PCR reported here thus appeared to be an ideal method of identifying Brucella spp., the causative
pathogen of human brucellosis.
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Brucellosis, a zoonosis caused by bacteria belonging to
the genus Brucella, is endemic in various parts of the world,
especially in countries of the Mediterranean region, Asia,
Africa and South America (1-3). Among the species of the
genus Brucella, the four major causative agents of human
brucellosis are B. melitensis, B. abortus, B. suis and B. canis,
although their natural hosts are usually confined to goats and
sheep, cattle, pigs and dogs, respectively (1-3). Moreover,
some species of the genus Brucella are considered to be
potential agents for bioterrorism (4).

Microbiological, serological and molecular techniques are
commonly used for the diagnosis of brucellosis (1,2,5).
Microbiological tests such as the isolation of bacteria from
host tissues or blood cultures followed by bacteriological char-
acterization remain important, although they are tedious and
time-consuming (2,5). The most widely used serological tests,
i.e., tube agglutination tests using inactivated B. abortus
or B. canis as antigens, show some degree of cross-reaction
with other bacterial strains (1,2). Moreover, it is difficult to
serologically distinguish the species within the genus Brucella
using the tube agglutination test (1,2).

Among molecular techniques, polymerase chain reaction
(PCR) is one of the most useful tools for the diagnosis of
brucellosis. It has been reported that identification of the
genus Brucella, but not of the species within the genus, can
be performed by PCR using primers targeting highly conserved
regions such as the BCSP31 (6) or 16S-rRNA (7). As regards
the differentiation of species and/or biovars of Brucella within
the genus, several laboratories have reported PCR procedures
using highly specific primers and/or stringent assay condi-
tions. For example, it was reported that B. abortus could be
distinguished from B. melitensis by species-specific PCR tar-
geting IS711 using primers designed based on the nucleotide
sequences of B. abortus (8,9). B. suis could also be discrimi-
nated from B. abortus using primer pairs designed according
to B. suis-specific sequences (10). Furthermore, identification

of B. canis could be accomplished by using specific primers
designed to amplify virB2 (11).

In Japan, the prevalence of brucellosis is quite low, but
cases of B. melitensis infection have recently been reported
(12,13). It remains possible that some people in Japan cur-
rently suffer from brucellosis, since canine brucellosis caused
by B. canis still exists in this country. Therefore, a reliable
diagnostic system capable of distinguishing between the four
species of the genus Brucella, including B. canis, remains
necessary. In the present study, we attempted to develop a
PCR approach that could be used to identify the four major
species of the genus Brucella simultaneously using newly
designed primers.

Here, we used 11 strains belonging to the genus Brucella
and 23 strains of non-Brucella bacteria (Table 1). Brucella
strains were cultured on sheep blood agar plates and the DNA
was isolated using SepaGene (Sanko Junyaku, Tokyo, Japan)
according to the protocol supplied by the manufacturer. DNA
from non-Brucella strains was also prepared.

Isolated DNA was amplified using puReTaq Ready-To-Go
PCR Beads (GE Healthcare Bio-Science Corp., Piscataway,
N.J., USA) by PCR consisting of initial denaturation at 95°C
for 5 min, 35 cycles of denaturation at 95°C for 1 min,
annealing at 65°C for 1 min and extension at 72°C for 1 min,
followed by a final extension at 72°C for 7 min.

The primers designed and used for the simultaneous iden-
tification of four major Brucella spp. are listed in Table 2.
The results are shown in Fig. 1 and summarized in Table 1. A
pair of primers, B4/B5, was previously reported to amplify
a 224-bp DNA fragment from a gene encoding a 31-kDa
cell surface protein (BCSP31) that is well conserved in all
Brucella spp. (M20404) (6). We have confirmed that this pair
of primers is specific for the genus Brucella, since no PCR
product was detected when DNA from bacteria other than
Brucella spp. was used as templates (Table 1). The gene
encoding Brucella major outer membrane protein 2 (omp2)
has two related regions, omp2b and omp2a, and these two
regions are 85% homologous and oriented in opposite direc-
tions (U26438) (14). Leal-Klevezas et al. reported that a 193-
bp fragment could be amplified with a pair of primers, JPF/
JPR, from B. abortus, B. melitensis and B. suis, but not from
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B. canis (15). In this study, we designed two novel antisense
primers, JPR-ab and JPR-ca, which are specific for B. abortus
(U26438) and B. canis (U26439), respectively. In B. abortus
and B. melitensis, it was observed that 186-bp fragments
from both omp2b and omp2a regions were amplified by PCR
with the pair of primers, JPF/JPR-ab. In contrast, since the

nucleotide sequences of target regions of B. canis differ from
those of B. abortus and B. melitensis, the B. canis fragments
omp2b and omp2a were amplified only when the JPR-ca
primer was used together with the JPF primer. On the other
hand, since the sequences of amplicons of omp2b and omp2a
of B. suis (U26443) are identical to those of B. abortus and

Table 1.  Bacterial strains used in this study and the results of PCR

BCSP31 omp2b omp2a omp31
Species Strain

B4/B5 JPF/JPR-ab JPF/JPR-ca JPF/JPR-ab JPF/JPR-ca 1S/1AS

Brucella abortus 5441) + + – + – –

Brucella abortus Takanashi1) + + – + – –

Brucella abortus 1252) + + – + – –

Brucella melitensis 16M1) + + – + – +

Brucella melitensis HagiwaraB11) + + – + – +

Brucella melitensis TWCC404303) + + – + – +

Brucella melitensis H17-2984) + + – + – +

Brucella suis 13301) + + – – + +

Brucella suis S-131) + + – – + +

Brucella canis QE131) + – + – + +

Brucella canis Shizuoka035) + – + – + +

Yersinia pestis Yreka – – – – – –

Yersinia pestis A1122 – – – – – –

Yersinia enterocolitica Pa2369 (O3) – – – – – –

Yersinia enterocolitica Pa9571 (O5) – – – – – –

Yersinia enterocolitica Pa12986 (O8) – – – – – –

Yersinia enterocolitica Pa177 (O9) – – – – – –

Yersinia pseudotuberculosis 319 – – – – – –

Bacillus anthracis PAII – – – – – –

Bacillus cereus NBRC3466 – – – – – –

Bacillus subtilis 3 – – – – – –

Francisella tularensis LVS – – – – – –

Coxiella burnetii Nine Mile – – – – – –

Eschericia coli DH5 alpha – – – – – –

Haemofilus influenzae Type B – – – – – –

Klebsiella pneumoniae ATCC13883 – – – – – –

Listeria monocytogenes ATCC15315 – – – – – –

Mycobacterium tuberculosis ATCC27294 – – – – – –

Pasteurella aerogenes ATCC27883 – – – – – –

Pasteurella multocida ATCC12947 – – – – – –

Staphylococcus aureus ATCC29247 – – – – – –

Streptobacillus moniliformis ATCC14647 – – – – – –

Ochrobactrum anthropi ATCC49187 – – – – – –

Ochrobactrum anthropi ATCC49687 – – – – – –

1): Bacterial strains were supplied from National Institute of Animal Health, Tsukuba, Ibaraki, Japan.
2): Heat-inactivated bacteria, which was commercially available, was obtained from National Agriculture and Food Research Organization,

Tsukuba, Ibaraki, Japan as an antigen for a tube agglutination test.
3): A new isolate from blood of an imported brucellosis patient was supplied from Tokyo Women’s Medical University, Tokyo, Japan.
4): A new isolate from blood of an imported brucellosis patient was supplied from Tokyo Metropolitan Institute of Public Health, Tokyo, Japan.
5): A new isolate from a piece of liver of an aborted puppy was isolated in our laboratory.

Table 2.  Primers designated in this study

Target gene Primer name Sequence
Target GenBank

Location
length accession

BCSP31 B4 (S)1) 5´-Tgg CTC ggT TgC CAA TAT CAA 224 bp M20404 789-809

B5 (AS)1) 5´-CgC gCT TgC CTT TCA ggT CTg M20404 1012-992

omp2 JPF (S)2) 5´-gCg CTC Agg CTg CCg ACg CAA U26438 2110-2130

JPR-ab (AS) 5´-CAT TgC ggT Cgg TAC Cgg Ag 186 bp U26438 2295-2276

JPR-ca (AS) 5´-CCT TTA CgA TCC gAg CCg gTA 187 bp U26439 2296-2276

omp31 1S (S) 5´-gTT CgC TCg ACg TAA CAg CTg 249 bp AF366073 218-238

1AS (AS) 5´-gAC CgC Cgg TAC CAT AAA CCA AF366073 446-466

Primers 1) and 2) were prepared according to reference 6 and 8, respectively. Others were newly designated in this study.
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Fig.1.  Detection patterns of four major biovars of Brucella spp. by four pairs of primers.
Lane 1, BA/B5; 2, JPF/JPR-ab; 3, JPF/JPR-ca; 4, 1S/1AS; M, Size marker.

B. canis, respectively, fragments were obtained by PCR using
either the JPF/JPR-ab or JPF/JPR-ca primers. As shown in
Fig. 1, PCR using a pair of primers, JPF/JPR-ab, amplified
a 186-bp fragment from B. abortus, B. melitensis and B.
suis, but not from B. canis, while the primers JPF/JPR2-ca
amplified a 187-bp fragment from B. canis and B. suis. A
pair of primers 1S/1AS was designated to amplify a 249-bp
fragment from the omp31 gene encoding another Brucella
outer membrane protein. However, due to the presence of a
large deletion in the omp31 gene of B. abortus (14,16), prim-
ers 1S/1AS did not amplify the fragment from B. abortus
(Table 1).

These results demonstrated that four species of Brucella
could be successfully identified by combinatorial PCR using
four sets of primers (Fig. 1). B. abortus could be identified
when the amplification of fragments of omp2b and omp2a by
B. abortus-specific primers (JRF/JPR-ab) took place, moreover,
B. abortus could also be identified based on the amplifica-
tion of BCSP31 by B4/B5 primers. B. melitensis could be
identified by the amplification of fragments of BCSP31 and
omp31 as well as omp2b and omp2a by a pair of primers,
JRF/JPR-ab, and omp31. In contrast, identification of B. canis
could be achieved if BCSP31 and omp31 were amplified and
if the amplicons of omp2b and omp2a were detected by B.
canis-specific primers (JRF/JPR-ca), but not by B. abortus-
specific primers (JRF/JPR-ab). In cases when specific ampli-
fications occurred using all pairs of primers, the strain was
identified as B. suis. In this study, we included 23 bacteria
belonging to genera other than Brucella spp. Since the PCR
series reported here did not amplify any fragments from these
23 non-Brucella bacteria, this method appears to be highly
specific for the genus Brucella. Moreover, this PCR also
amplified specific sequences from mouse tissue homogenates
and blood experimentally spiked with B. abortus or B. canis
(data not shown). The PCR detection limit was observed to
be approximately 1 pg of DNA (data not shown).

Since multiplex PCR has been used for the simultaneous
detection of several pathogens, we also attempted to establish
a multiplex PCR for the detection of Brucella spp. However,
the detection limit of that multiplex approach was inferior
to that of the PCR reported here, most likely due to the
competitive consumption of ingredients among amplicons
(data not shown). Additionally, multiplex PCR using the
primer pairs, B4/B5, JPF/JPR-ab and 1S/1AS, did distinguish
B. abortus and B. canis from other Brucella spp., but B.
melitensis could not be differentiated from B. suis. In contrast,
using the primer pairs, B4/B5, JPF/JPR-ca and 1S/1AS, we
were able to distinguish B. abortus and B. melitensis from
the other species by multiplex PCR, although B. canis and

B. suis could not be differentiated in this manner (Table 1).
From these results, we concluded that it was more practical
to perform combinatorial PCR rather than a multiplex PCR
to identify the genus Brucella at the species level.

Although we tested a limited number of biovars belonging
to each Brucella spp., it appears likely that the method reported
here will enable the reliable identification of the four major
species of the genus Brucella which infect human beings.
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